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HiTEC: International 
Focal Point for High 
Temperature Applications 
by Jo Ann McDonald, U.S. Correspondent 
While most of the new Group III nitride players were off chasing blue light, and traditional III-V 
manufacturers were busily scoring more insertion wins into wireless applications, high 
temperature electronics (HTE) developers were in Albuquerque, New Mexico, USA, 
tackling the really tough jobs. 
H 
igh temperature electronics 
(HTE) is likely to be domi- 
nated in the years ahead by 
wide bandgap semiconductor (WBS) 
materials. Systems designers want 
and need packaged components and 
sub-systems that can work reliably in 
the hot environments of jet engines, 
(see photo) auto and industrial en- 
gines, spacecraft, and down geother- 
mal oil wells. Often, application 
environments, uch as flame detec- 
tion, go far beyond the extremes 
tolerated by silicon. The more poten- 
tial users hear about the ability of 
WBS devices to function reliably well 
above 125 deg°C, the more they want 
that capability...at  reasonable price, 
backed by good test and reliability 
data, and complete with warranties. 
According to those who participated 
in the heavily applications-oriented 
HiTEC meeting this June, WBS com- 
ponents appear to be on the verge of 
making a commercial impact that 
fulfills such a user's "wish list." 
HiTEC HITEN 
The 3rd International High Tempera- 
ture Electronics Conference (Hi- 
TEC), fittingly held 9-14 June in 
Albuquerque, New Mexico, got 
started on a highly credible keynote 
by Simon Lande of Magus Research, 
who forecast a$1.11 bn growth spurt 
for the HTE sector by 2005. Through- 
out subsequent days, attendees sug- 
gested (with refreshing optimism) 
that the prediction perhaps should 
be higher. Lande's keynote address 
was the debut of an initial market 
study conducted by Magus Research 
and AEA Technology, under sponsor- 
ship of the European Commission's 
High Temperature Electronics Net- 
work of Excellence (HITEN). Details 
of the study, along with details of the 
HiTEC meeting can bc obtained 
through HITEN's impressive website, 
is: http://www.hiten.com. Lande's 
presentation, which looked at a 
focused slice of the anticipated fruit- 
ful pie, set the tone of cautious 
optimism for a steadily growing HTE 
marketplace. The subsequent meet- 
ing days, featuring technology from 
around the world, reported excellent 
strides in material and device devel- 
opment, unprecedented cooperation 
by developers (especially between 
the US and Eastern Europeans) and 
underscored the need for stepped up 
work in packaging. 
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Applications driven 
By the end of the conference, it was 
clear that the market for HTE is 
heavily applications driven, and that 
HiTEC is "the" focal point for this 
ambitious international community. 
The meeting, traditionally held the 
off-years from ICSCRM, will be re- 
peated in 1998 in Albuquerque. By 
then, the attendance of just less than 
200 will likely increase considerably, 
and be well-attended by the user 
sector. 
According to the AEA/Magus re- 
port, "the key drivers are the well 
logging equipment, aerospace, and 
automotive industries, plus several 
niche applications. By temperature 
range, operation up to 200°C cur- 
rently satisfies most requirements. As
the technology matures, applications 
at higher temperatures will be en- 
abled and are expected to account 
for 19% of the market by 2005. 
Silicon based technologies dominate 
applications up to 200-250°C. GaAs 
and wide bandgap semiconductors 
(SIC, diamond and Group III-nitrides) 
will play critical roles beyond 250°C, 
accounting for 16% of the market by 
2005." A consensus of the HiTEC 
attendees was that automotive and 
down-hole data logging is in the 
200°C range; distributed aircraft en- 
gine control and sensing at 200-300C, 
monitoring of nuclear reactors and 
aerospace sensing at 300-500°C, and 
niche sensing applications (aero- 
space, etc) in the 500-1000°C range. 
John Szentes, staff engineer for 
Caterpillar, Inc., Peoria, Illinois, a 
U.S. manufacturer of earth moving 
machines, stated in his captivating 
presentation on the last day of the 
talks that users such as Caterpillar 
will integrate HTE components  
WHEN they are available.., and pro- 
ven reliable. He advised that devel- 
opers consider simpler systems, and 
that the sooner they start thinking 
total system solutions (including 
components ,  packaging, connec-  
tions, and wiring), the faster success- 
ful market penetration will likely be 
attained. As we painfully remember, 
one of the problems that kept GaAs 
from realizing its commercial cap- 
ability early-on was the inability of 
most GaAs developers to fully identi- 
fy with and embrace their target 
users total systems needs. WBS devel- 
opers at HiTEC, many of whom cut 
their technical teeth on GaAs, lis- 
tened closely to John Szentes' recom- 
mendations. They also enjoyed his 
video that depicted yesterday's bull- 
dozer antics and noted the many 
ways WBSs might be integrated into 
tomorrow's heavy-duty vehicles. 
Caterpillar is ideally typical of 
target systems designers and the 
ultimate end users of high tempera- 
ture materials and components. In his 
talk John Szentes noted that the need 
for HTE in the heavy equipment and 
construction i dustry is being driven 
by three distinct requirements. First 
is the need to measure high tempera- 
tures which, in Caterpillar's case, 
include engine exhaust emperatures 
and brake oil temperatures, which 
can reach as high as 850°C. Second is 
the need for increasing amounts of 
sensor data for both controlling the 
operation and monitoring equipment 
health, which leads to distributed 
modules mounted outside the cab 
environment that must tolerate tem- 
peratures of 180 to 250°C. 
The final requirement is for ever- 
decreasing system costs, which trans- 
lates into modules with smaller 
packages that eliminate manifolds 
for fluid cooling. Whereas today's 
temperature requirements for com- 
ponents at Caterpillar ange from -40 
to 121 °C with characteristic lifetimes 
of 30,000 hours (under very rugged 
circumstances), tomorrow's needs 
are for -40 to 700°C with lifetimes 
of 60,000 hours. 
Material progress 
It was clear that only the wide 
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bandgap semiconductors  (WBSs), 
and especially SiC (which is the most 
mature of the "new" HTE technolo- 
gies), can handle such extreme de- 
mands. This year's HiTEC reported 
excellent component progress in all 
categories, from and for all sectors. 
But the development of WBS compo- 
nents is .still hampered by basic 
material problems, an area where 
scientists from Eastern Europe excel. 
Especially noteworthy at HiTEC were 
presentations from Alexey Gerasi- 
mov's group, at the University of 
Tbilisi in the Republic of Georgia, 
on the development of a new low 
temperature technology for produ- 
cing parts on a base of SiC, and from 
Yuri Tairov's group, at St. Petersburg 
Electrotechnical University in Russia, 
on new ways to reduce micropipe 
defect formation at the initial stages 
of SiC growth. 
The low temperature  work at 
Tbilisi State is focusing on reducing 
the very high temperatures (in the 
range of 2000°C) currently required 
for SiC doping and oxidation. "If it is 
possible to decrease the temperature 
necessary for the production of SiC 
parts, that would significantly reduce 
costs and thus have greater commer- 
cial applicability" says Alex Gerasi- 
mov.  I f  the  need fo r  h igh  
temperatures i reduced,-the need 
for expensive equipment  is also 
reduced. To that end, the Georgians 
have come up with an excit ing 
concept surrounding the mechanism 
of atomic migration in condensed 
media. 
The new concept gives a unified 
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explanation of the movement  of 
atoms which occur in solids, and 
the interaction between the atoms. 
The concept has been experimen- 
tally confirmed for thermal expan- 
s ion,  photomechan ica l  e f fec t ,  
internal ti'iction and viscosity~ defect 
formation and migration, ion emis- 
sion, melting, and recrystallization. 
"The development of the low tem- 
perature technology for the GaAs 
FET and GaAs simple microcircuits 
is the brightest experimental confir- 
mation of our new concept," says 
Gerasimov. 
"The highest temperature inside 
the technological cycle of the pro- 
duction of GaAs parts doesn't exceed 
150'~C, and the concept has become 
the basis lbr growing high quality 
self-oxide layers on GaAs crystals for 
gate dielectric and surface passiva- 
tion. Preliminary investigations have 
shown a strong possibility, for redu- 
cing the temperatures needed for 
fabrication of the SiC device." The 
main aim of the project  is the 
fabrication of optimized SiC JFETs, 
MOSFETs and MESFETs. 
Tibilisi State is already in collabora- 
tion with the Russian Kurchatov 
Centre in Moscow, utilizing USAF 
funding from Phillips Laboratory in 
Albuquerque, and are now looking 
for additional collaborators. Alex 
Gerasimov is a gentleman of consid- 
erable prcsence and influence in the 
new Republic of Georgia and serves 
as the head of technology within 
President Shevrenadze's new govern- 
ment. Uppermost on their agenda is 
the establishment ol an independent 
Internet presence, separate from 
Russia. Contact is either Alexcy Ger- 
asimov in Tibilisi at tel: + 7(8832)23- 
26-93/23-33-90 or f:Lx: 23-33-90, or 
through Nikolai Ukhin in Russia at 
tel: +7(095)196-98-57 fax: 943-00- 
23 or both can be reached via 
Professor I !khin's email: ukhin!,~ atis.- 
kiae.su 
Micropipe defect 
reduction 
The grand master of SiC growth 
techniques, Professor Yuri Tairov, 
brought an impressive team from St. 
Petersburg Electrotechnical Univer- 
sity to HiTEC that included Andrei 
Bakin, Sergei Dorozhkin and Yuri 
Dyomin, who are tackling the reduc- 
tion of micropipe defects at the 
initial stages of SiC growth. The St. 
Petersburg team is studying the 
influence of different stages of SiC 
layers and bulk crystal growth on the 
formation of these criticM defects, 
and reported on the influence of the 
illitial stages of sublimination growth. 
They looked at the step limiting the 
growth rate, argon pressure and 
growth temperature, the influence 
of the vapour phase composit ion 
(including the introduction of the 
hydrogen in the growth process that 
shifts the ration of equilibrium va- 
pour pressures in the gas phase), 
thermal and hydrogen etching at a 
certain step of the growth process, 
orientation of the substrate's surface, 
pre-growth substrate surface proces- 
sing using oxidation, wet chemical 
etching, and dry plasma etching. The 
researchers feel that the results the)' 
have obtained now make it possible 
to significantly reduce replication of 
micropipe defects from the substratc 
to the growing crystal. Contact for 
more information is through Dr. 
Andrei Bakin, fax: (812) 234-31-64 
or email bakin(a post.etu.spb.ru 
Yuri Tairov is co-developer of the 
much-respected modified Lcly meth- 
od of growing SiC, which was intro- 
duced in the 1970s. In the late 1950s, 
he was permitted to spend an aca- 
demic year at the University of 
California in Berkeley when Nikita 
Khrushchev was the USSR Presidcnt. 
Professor Tairov's trip to the USA this 
June was extended beyond New 
Mexico, when hc flew to San Fran- 
cisco to revisit that exceptionally 
charming city after 30 years. 
Fortunately, little had changed. 
Behind the scenes 
The number of "deals" that go down, 
outside the presentation room, is an 
unpubl ic ized but key feature of 
HiTEC. Over the years, the HiTEC 
organizers have become noted for 
their "matchmaking" capabilities, 
and this year's event was a deal 
maker's paradise. Most noteworthy 
was speculation of who WASN'T in 
attendance, as many known SiC 
developers were absent. To quote a 
WWII cliche, "loose lips sink ships," 
for the consensus was that at least 
three notable players were absent 
because they are soon to begin (but 
probably not announce) significant 
volume production, and their engi- 
neers were simply not allowed to  
chance mixing with their peers at 
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this delicate development s age. 
Then, there were interesting new- 
comers, cautiously guarding their 
proprietary stance. For example, look 
for a new company to make major 
waves soon: 3C Semiconductor ut of 
Portland, Oregon. Like the name 
implies, 3C or beta phase SiC, is 
poised to make its debut. The new 
startup is slated to commercialize 3C 
technology developed by Dr. James 
Parsons of the Oregon Graduate 
Institute of Science and Technology 
(OGI in Beaverton, Oregon). 
Parson 's  methodo logy  a l lows 
synthesizing cubic monocrystalline 
3C SiC and he has developed im- 
pressive methods of forming metal- 
lized rectifying Schottky junctions 
and ohmic contacts to SiC. The new 
company holds an exclusive world- 
wide license from OGI for the use of 
its 3C SiC patent. Initial products are 
likely to be devices such as thermis- 
tors for temperature sensing in the 
range of 200-1000C. Contact is Dr. 
Donald E. Hagge, President and CEO 
of 3C Semiconductor Corporation, 
tel: 503/221-0513 or email: dehor 
(a aol.com 
Same Time... Same 
Place... 1998 
The organizers of HiTEC voluntarily 
overworked themselves to put to- 
gether an impressive meeting that 
will be repeated, and expanded in 
1998. Principal organizers remain: 
Donald King of Sandia National La- 
borator ies in Albuquerque, New 
Mexico; Frank Thome, formerly of 
Sandia and now with Team SpecialtT 
Products in Albuquerque; and Clar- 
ence Severt of Wright Laboratory at 
WPAFB, Ohio. They, and all the 
attendees, were especially apprecia- 
tive to the impressive list of sponsors 
who made the meeting possible. 
Included are Sandia, Wright, Cree 
Research, Honeywell, Auburn Univer- 
sit-y, Epitronics (now an ATMI com- 
paw),  Westinghouse (which recently 
became a part of Northrop Grum- 
man), AEA Technology/HITEN, and 
Elsevier Advanced Technology (III- Vs 
Review). 
Contact he HiTEC coordinator, 
Debbie Marchand at 
Tech Reps, Inc, 
tel:/1] 505/266-5678 ext.30& 
fax: [1] 505/255-4284 
email: marchand(~ techreps.com 
